mendation for 6 weeks of systemic antibiotic therapy. 1 Surgical indications are for patients with neurological deficits, spinal deformity, spinal instability, or failure of conservative treatment. Conservative treatment is associated with spinal pain and a higher rate of long-term spinal deformity. 10 Surgical treatment is associated with perioperative morbidity but with lower long-term mortality. Bydon et al. showed that instrumentation does not increase the rate of recurrent infection if compared to decompression alone. 2 An increasing number of studies have shown that instrumented spine surgery for spinal infections is a safe procedure. 2, 3, [5] [6] [7] [8] [9] [12] [13] [14] [15] In recent years, we have considered surgical arthrodesis with a single approach for spondylodiscitis with lysis of the vertebral body as evidence of vertebral deformity.
Methods
This was a retrospective study of patients treated between June 2015 and June 2018. We reviewed clinical records, radiological data, and surgical notes obtained for all patients undergoing surgical osteosynthesis for spondylodiscitis with lysis of the vertebral body and tendency to deformity at our institution. Eleven patients fulfilled the inclusion criteria. We reviewed patient demographic data such as age and sex, presenting symptoms and neurological examination, radiographic images, operative reports, postoperative complications, and clinical and radiological follow-up data. The choice of the approach depended on the level of spondylodiscitis. We preferred a single-step approach in all cases. For cervical spondylodiscitis we chose an anterior approach, whereas a posterior approach for lumbar cases or a posterolateral approach for some of the dorsolumbar cases was preferred. We did not find more complex multiple approaches necessary for these patients on preoperative study. Titanium instrumentation was used for dorsal and lumbar cases, and iliac crest graft was used for the cervical case and for one of the lumbar cases. Results of CT-guided needle biopsy were recorded when performed. Referring infectious disease specialists decided on antibiotic therapy. Initial therapy required broad-spectrum intravenous antibiotics. Once complete microbiology data were available, if a germ could be identified a specific antibiotic therapy was followed. The switch to oral antibiotics depended on adequate clinical and blood response.
Results
Eleven patients with spondylodiscitis and lysis of the vertebral body were treated with osteosynthesis. The mean age was 62 years (range 29-76 years), and there were 8 female and 3 male patients. The etiological agents were Mycobacterium tuberculosis in 3 cases (1 dorsal, 2 lumbar); Staphylococcus aureus in 6 cases (1 cervical, 2 dorsal, 2 lumbar, 1 dorsolumbar); S. epidermidis and S. capitis spondylodiscitis in 1 case as a complication in a postsurgical lumbar deformity; and the germ was not identified in 1 dorsolumbar case. Surgical approaches were chosen according to spinal level: in 8 thoracic or lumbar cases a posterior approach was preferred; in 1 cervical case an anterior approach with iliac crest grafting was performed; in 2 cases at the dorsolumbar level a posterolateral approach (costotransversectomy) was chosen; and in 1 lumbosacral case iliac somatic grafting was used.
The anterior spinal column was reconstructed with iliac crest bone grafting in only 2 cases: in the patient with cervical spondylodiscitis (case 5) and in the patient with postsurgical infection in the L5-S1 level (case 10) ( Table  1 ). The remainder of the thoracolumbar cases underwent a posterior or posterolateral arthrodesis. The general clinical conditions rendered these patients too weak for longer or combined approaches. The anterior spinal column was not reconstructed and we initially planned to reconstruct it in a second-step surgery after stabilization of the general conditions. However, at follow-up the patients showed good clinical recovery. In some cases, calcific bone bridges were assessed as fusion on CT scans and in the remainder the deformity was prevented. We decided not to proceed with a second surgery for reconstruction of the anterior columns in any of the cases. An orthopedic brace was used for 8-12 weeks in all cases. Despite the absence of anterior column direct reconstruction in thoracolumbar cases, spinal deformity was prevented at last follow-up in 10 cases, and preexisting spinal deformity was partially corrected in 1 case.
Three patients presented with neurological deficits and improved after surgery. The remaining 8 patients presented with spinal pain that was more responsive to analgesic treatment after vertebral stabilization, and they showed no pain at follow-up. The follow-up range was 3-36 months (average 16 months). None of the patients had new-onset neurological deficits after surgery.
All patients without neurological deficits started mobilization on day 2 after surgery, after the paravertebral drainage devices were removed, and after postoperative CT scans showed the correct screw positioning. An orthopedic brace was used for 8-12 weeks. Patients with neurological deficits started early rehabilitation. Table 1 summarizes the clinical characteristics of the patients.
Two patients (cases 7 and 8) had superficial infection of the surgical wound, which resolved after surgical revision. Case 7 presented with surgical wound dehiscence and infection from Staphylococcus. A surgical revision was performed at 20 days after the stabilization surgery. Purulent material was present in the muscle layers and it was removed with multiple washings with physiological solutions containing betadine and H 2 O 2 . We used vacuumassisted closure, which helped with wound healing.
Case 8 presented with external signs of wound infection. Surgical revision at 20 days after surgery showed superficial infection from Pseudomonas. We used multiple washings with physiological solutions containing betadine and H 2 O 2 . The surgical wound healed without any additional intervention.
The patients were quickly transferred to an infectious disease unit or a rehabilitation unit according to clinical conditions. Nutritional support was evaluated on a casespecific basis. All patients received 6 weeks of systemic antibiotic therapy decided by the referring infectious disease specialists. Risk factors in this cohort included elderly debilitated patients with systemic blood infection, decompensated diabetes mellitus, pulmonary tuberculosis, eating disorders in a young patient, previous spine surgery in 1 case, and hepatitis.
In 10 patients antibiotic treatment led to the resolution of the infectious process despite the presence of synthetic material, and 1 case is still in initial follow-up. In 1 case a deformity already present was partially corrected, and in the remaining 10 cases the vertebral deformity was prevented. In all cases, the arthrodesis permitted vertebral stability.
Vertebral fusion was ascertained with the observation of calcific bone bridges on follow-up spinal CT in outpatient evaluation. Radiological fusion was assessed in the patients with iliac bone grafting. Despite the fact that not all of the thoracolumbar cases showed radiological fusion, none of them showed screw or rod breaks or dislocation. The short length of follow-up is the main limitation of this study.
Illustrative Cases

Case 5
A 68-year-old woman presented with bilateral cervicobrachialgia. An MRI study obtained with contrast showed enhancement in the third and fourth cervical body (C3 and C4) and the interposed disc, with epidural abscess and cervical spinal cord compression (Fig. 1 left) . An anterior approach was performed with C3 and C4 somatectomy and iliac crest grafting. The pathogenic agent was S. aureus. The infectious process resolved after antibiotic therapy. The patient did not present with pain, and the results of her neurological examination were normal. The control CT scan showed vertebral stability (Fig. 1 right) .
Case 6
A 64-year-old woman presented with dorsolumbar pain. Admission T2-weighted MRI showed altered signal in L1 with lysis of the vertebral body as a sign of instability; altered signal was also present in the discs between L5-S1 and T10-11, consistent with spondylodiscitis ( Fig. 2A) . The patient refused stabilization surgery. She returned after 8 months with failure of conservative treatment: MRI showed complete collapse of the soma of L5, altered signal in T12-L2, and severe kyphosis (Fig. 2B) . T9-L4 arthrodesis, laminectomy, bilateral T12, L1 arthrectomy, and partial L2 arthrectomy were performed. The patho- genic agent was S. aureus. The infectious process resolved after antibiotic therapy. Results of the neurological examination were normal. The control CT scan showed partial correction of the vertebral deformity (Fig. 2C ).
Case 9
A 56-year-old woman had experienced lumbar pain in the last 6 months and fever at the onset of the pain. Radiographs (Fig. 3A) and CT scans (Fig. 3B) showed reduction of the intersomatic space at L2-3 and lysis of the somatic interposed plate as a sign of instability. Results of the needle biopsy were negative (Fig. 3C) . MRI showed contrast enhancement in the vertebral body of L2 and L3 as a sign of infection (Fig. 4 left) . L1-L2-L3-L4 arthrodesis, right L2-3 decompression, and microdiscectomy were performed. The infective agent was M. tuberculosis. The infectious process resolved after antibiotic therapy. The patient did not present with pain and results of the neurological examination were normal. The control CT scan showed vertebral stability (Fig. 4 right) .
Case 10
A 44-year-old man who had undergone previous microdiscectomy for a herniated disc showed vertebral infection resistant to medical therapy alone with progressive vertebral lysis (T2 MRI; Fig. 5A and B) . The patient underwent posterolateral L4-S1 arthrodesis, iliac crest grafting, and L5-S1 disc debridement from a left-sided approach. The infective agents were S. epidermidis and S. capitis. The infectious process resolved after antibiotic therapy. The patient did not present with pain and results of the neurological examination were normal. The control CT scan showed vertebral stability (Fig. 5C ).
Discussion
Although generally rare, cases of spondylodiscitis have increased in frequency in Western countries over the last decades. They have become an issue that neurosurgeons have to face more frequently. In the past, treatment was generally conservative with long periods of immobilization, and delayed deformities were quite difficult to treat. Instrumentation in patients with spinal infection was a taboo, because of the perceived risk of promoting bacterial superinfection of the foreign bodies. Recently, many independent studies have shown that instrumented spine surgery for spinal infections is a safe and feasible option. 2, 3, [5] [6] [7] [8] [9] [12] [13] [14] [15] Conversely, spinal stabilization could even promote accelerated healing. 9 The risk of reoperation for infection in patients with instrumentation for spinal infection is ≤ 10%. 18 Than and Mummaneni 18 suggested that instrumentation in the setting of primary infection should be considered when there is a clinical indication. Figure 6 illustrates the general treatment algorithm we apply for spondylodiscitis. Three patients in the present series presented with neurological deficits; thus, acute surgical decompression was mandatory. These patients had vertebral instability for which they needed instrumented stabilization. The screws were positioned prior to decompression in the same surgical approach to maintain the surgical anatomical references. These patients improved neurologically after lengthy rehabilitation, including a patient who presented as almost paraplegic.
We excluded from surgery patients presenting with severe sepsis who were unable to undergo the surgical procedure. Age was not a standalone discriminant factor for surgical exclusion, although some elderly patients were excluded from surgery after anesthesiology evaluation, despite an infectious process.
Surgical stabilization was performed immediately after referral for the following reasons: first, we wanted to operate when the patient could withstand general anesthesia and before instauration of sepsis. The second reason was to avoid delayed vertebral deformities. Indeed, one patient who refused surgery at presentation returned 8 months later with evidence of spondylodiscitis and a severe deformity that could be corrected only partially.
A single approach was used in all cases. Excluding the case with long-term deformity, a single approach was sufficient to guarantee vertebral stability and avoid deformity. More complex, 2-stage, anterior plus posterior approaches were avoided due to the fragile condition of patients. Longer follow-up and larger series are necessary to better evaluate this strategy.
Staphylococcus aureus (55% of the cases) was the most common infective agent, concordant with epidemiological data, 11 followed by M. tuberculosis (27% of cases). In 1 patient (9%) the infective agent could not be identified, and this is reported in up to one-third of the cases in the literature. Two patients had a wound infection, which proved to be superficial after revision. No patient had superinfection of the implanted system, and this is consistent with the previously reported studies.
Conclusions
This study has the limitations of a retrospective review and a limited number of patients. Nevertheless, we found that the presence of synthetic material does not seem to hinder the healing of the infectious process. The stabilization allows an early mobilization of the patient. The infection facilitates arthrodesis even in the absence of bone grafts. A single approach is sufficient to maintain vertebral stability. In the presence of spondylodiscitis, if there is an osteolysis and instability it is advisable to perform osteosynthesis, which allows rapid mobilization, prevents deformity, and does not significantly impede the efficacy of antibiotics.
